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Available online 14 October 2016Neuralized Homology Repeats (NHRs) were ﬁrst identiﬁed in Neuralized, an E3-ubiquitin ligase that plays a key
role in the Notch signalling pathway. Since their original discovery, NHR domains have been shown to regulate
protein-protein interactions in a broad range of developmental processes and in a wide variety of species from
ﬂies to humans. The NHR family of proteins can be categorized into three groups: (1) those that contain a
RING ﬁnger, (2) those that contain a SOCS box and, (3) those that only have NHR domains. Here we review
the structure and function of NHR domains in various cellular and developmental processes.
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Neuralized Homology Repeat (NHR, also referred as NEUZ) domains
are highly conserved and found in a variety of proteins from ﬂies to
humans. The NHR domain was ﬁrst identiﬁed using the prospero algo-
rithm looking for internal duplications in Drosophila proteins [1]. The
NHR domains were identiﬁed in three Drosophila proteins; Neuralized
(dNeur), Neuralized homologue 4 (Neurl4, originally mistakenly re-
ferred to as bluestreak) and another uncharacterized proteinr Inc. This is an open access article un(CG3894). There are ﬁve NHR domain containing proteins inmammals:
Neuralized-1, Neuralized-2 (two dNeur homologues), OzzE3 (CG3894
homologue), a homologue of Neurl4 (also referred to as KIAA1787)
and the Lung Inducible Neuralized related C3CH4 RING domain protein
(LINCR), which has no homologue in ﬂies (Fig. 1). Structural and func-
tional studies indicate that the NHR domains function as protein inter-
action domains that mediate a diverse range of processes. All
identiﬁed NHR domain-containing proteins contain between one and
six NHR domains. Neuralized homologues in ﬂies and mammals have
two NHR domains (NHR1 and NHR2). LINCR, OzzE3 and the Drosophila
homologue of OzzE3 (CG3894), each contain a single NHR domain
while Neurl4 homologues in both ﬂies and mammals have a tandemder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Schematic of the three NHR domain containing protein sub-families.Members of the RING domain sub-family have a C-terminal RING domain and one or two N-terminal NHR
domains. This sub-family consists of a single Neuralized homologue in ﬂies and two Neuralized homologues and a related paralogue, LINCR (lung-inducible Neuralized-related C3HC4
RING domain protein) in higher vertebrates. Members of the SOCS-box sub-family have a C-terminal SOCS box domain and a single N-terminal NHR domain. This sub-family consists
of the mammalian homologue OzzE3 and the uncharacterized Drosophila homologue CG3894. Proteins in the NHR only sub-family have six NHR domains. This sub-family consists of
ﬂy and mammalian homologues of Neurl4 (the ﬂy homologue was formerly referred to as Bluestreak). Abbreviations: NHR, neuralized-homology repeat; RING, really interesting new
gene; SOCS, suppressor of cytokine signalling.
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be sub-divided into three sub-families based on the domain organiza-
tion of the proteins. The RING-domain sub-family consists of a group
of proteins that contain one or two N-terminal NHR domains and a C-
terminal C3HC4 RING ﬁnger domain. The SOCS box sub-family of NHR
domain containingproteins is comprised of proteinswith a singleN-ter-
minal NHR domain and a C-terminal Suppressor of Cytokine Signalling
(SOCS) box domain. The ﬁnal sub-family is the NHR only sub-family,
consisting of proteins with six NHR domains.
2. The structure of NHR domains
Structural characterization of NHR1 domains from dNeur (residues
106-266) and hKIAA1787 (Neurl4) (residues 43-205) showed that
both NHR domains adopt a characteristic β-sandwich fold (Fig. 2). The
dNeur NHR1 has 12 β-strands that are organized into ﬁve-stranded
and seven-stranded antiparallel β-sheets. The hKIAA1788 NHR1 do-
main adopts a similar two-layered β-sheet structure with 14 β-strands
that form into two seven-stranded antiparallel β-sheets [2]. The β-
strands are connected by loops of various length (L1−11), which ex-
tend out from the β-sandwich. There are also four short alpha helicesTable 1
Function of neuralized and other NHR-containing proteins from different species.
Species Protein Function
Drosophila Neuralized Notch signalling, learning and memory, epithelial





Mouse Neurl1 Notch signalling, ethanol hypersensitivity,
olfactory discrimination, mammary gland
maturation, apoptosis, synaptic plasticity and
memory storage
Neurl2 Notch signalling (cooperates with Mib-1)
OzzE3 β-Catenin regulation during myogenesis
Neurl4 Centrosome maintenance
LINCR Glucocorticoid-attenuated response gene
Human hNeur1 Tumor suppressor
hNeur2 Notch (interact with Dl-like ligand)
LINCR Glucocorticoid-attenuated response gene
Neurl4
(hKIAA1787)
MTOC formation, centrosome architecturecontained within the loop regions. In both NHR1 domains, the upper
β-sheet (5 stranded in dNeur and 7-stranded in hKIAA1787) forms a
concave hydrophobic patch that is covered by amino acids from the
long L6 loop region. He et al. [2] showed that the hydrophobic amino
acids in the L6 loop interact strongly with the upper β-sheet and con-
cluded that the L6 loop structure is a common feature of NHR domains.
Another point of interest is the Gly167 residue, which is the only
amino acid that is absolutely conserved amongst all NHR domains. Pre-
vious work from this laboratory has shown that mutation of Gly167
within the NHR1 domain, or Gly430 residue within the NHR2 domain,
abolishes dNeur activity [3–5]. This conserved glycine residue was
shown to interact strongly with the hydrophobic amino acids in the L6
loop. Based on the strength of the interactions between this conserved
glycine residue and the hydrophobic residues of the L6 loop, it was sug-
gested that mutation of this amino acid may affect the arrangement of
the hydrophobic core and de-stabilize the β-sandwich fold [2].
Comparison of both the sequence and solution structure of theNHR1
domains from dNeur and hKIAA1787 to other known protein domains
indicates a strong similarity to B30.2/SPRY domains [2,6,7]. Like the
B30.2/SPRY domains which are known to mediate protein-protein in-
teractions [8], the NHR domains have also been shown to mediate nu-
merous protein-protein interactions (see below). Comparisons of the
target binding regions of the NHR1 domain of dNeur and the B30.2/
SPRYdomain of GUSTAVUS suggest that these domains bind to their rel-
ative targets (TOM and VASA respectively) in similar locations [2,8]. The
target-binding site in theNHR1 domain of dNeur is located on the L3, L5,
L11 loops and the tip of L6 loop [2,8]. In the B30.2/SPRY domain of GUS-
TAVUS, the target-binding site is located in loops L3, L5, L13 and the top
of the L6 loop [2]. Despite the similarity in the location of the target-
binding pocket of these domains, NMR titration experiments conﬁrmed
signiﬁcant substrate speciﬁcity for each domain. A 20 amino acid pep-
tide derived from the Bearded family member Tom interacted with
the NHR1 domain of dNeur but showed no interaction with the NHR1
domain of hKIAA1787 [2]. Similarly, the DDINNNN peptide derived
from VASA interacted with the GUSTAVUS B30.2/SPRY domain, but
did not interact with either of the NHR1 domains from dNeur or
hKIAA1787 [2,8]. Despite the overall similarities in the structures of
these domains and the location of the target binding pockets, differ-
ences in key amino acids appears to be important for substrate speciﬁc-
ity. For example, the Tyr183 residue on Loop 6 in the dNeur NHR
domain was found to be a key residue mediating the interaction with
Fig. 2. Secondary structure of theNHR1domainofDrosophilaNeuralized. A. The secondary structure of theNHRdomain is comprisedof 12β-sheets (β1–β12, depicted by red andblack
arrows) and 4 helices (η1,α2, η3 andα4, depicted by green ovals). Several conserved residues have been identiﬁed as being central to the function of the NHR domain. Four residues on
the surface of themolecule were identiﬁed as being crucial for ligand binding (Yellow circles [2]). Several other residues were also shown by NMR titration experiments to be involved in
the binding of a peptide derived from the Bearded family member Tom (red circles [2]). Several conserved hydrophobic residues that reside in the core of the β-sandwich also identiﬁed
(orange circles [2]). Mutation of the only absolutely conserved residue (G167, blue star) in the NHR1 domain of Drosophila Neuralized results in altered localization of Neuralized and
disrupts Delta and Serrate binding [3–5]. Mutation of the corresponding glycine residue (G430) in the NHR2 domain of Neuralized disrupts ubiquitination activity of Neuralized [5].
Mutation of the conserved tyrosine residue (Y183) was shown to abolish binding of a peptide derived from the bearded family member Tom [2]. B. Stylized schematic (not to scale) of
the secondary structure of the NHR1 domain of Drosophila Neuralized. The NHR1 domain is comprised of a two-layered β-sandwich formed by antiparallel 5 stranded and 7 stranded
b-sheets connected by loops of various lengths [2]. The ligand-binding pocket of the NHR domain is formed by residues on loops 3, 5, and 11 (black) and residues on the tip of loop 6
(blue) [2].
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dNeur with Tom [2].
Asmentioned above, the NHRdomain containing proteins can be di-
vided into three sub-families based on the domain organization of the
proteins: the RINGdomain sub-family, the SOCS box domain sub-family
and the NHR only sub-family. Interestingly, the division of NHR domain
containing proteins into three sub-families is also supported by analysis
of the sequence of NHR domains [2]. A phylogenetic tree constructed
from the sequences of NHR domains from multiple proteins showedthe NHR domains were clustered into three distinct sub-groups, and
the groupingwas consistent with the sub-family grouping based on do-
main organization.
3. NHR domain function
As detailed above, the structure of NHR domains suggests a function
in protein-protein interactions. NHR domain containing proteins affect
a diverse range of functions, including Notch dependent cell fate
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glucocorticoid moderated inﬂammation, skeletal muscle development
and centrosome structure.
3.1. The RING-domain sub-family
Members of the RING-domain sub-family of NHRdomain containing
proteins contain one or two N-terminal NHR domains and a C-terminal
C3HC4 RING domain. Members of this sub-family include Neur and
Lung Inducible Neuralized-related C3CH4 RING domain protein
(LINCR).
Neur is the best characterized member of this sub-family and was
ﬁrst identiﬁed inDrosophila as one of six genes that gave rise to a similar
phenotype [9]. In Drosophila, recessive loss-of-function neur mutants
are embryonic lethal and result in a neurogenic phenotype consisting
of an overgrowth of the nervous system at the expense of the epidermis
[9]. Subsequent analyses revealed that Neur plays an important role in
all three germ layers during embryonic development [10–12]. Neur is
also required for development of the adult central and peripheral ner-
vous systems, including bristle sense organ patterning and photorecep-
tor speciﬁcation [13–15]. Neur also plays a role in the regulation of long-
termmemory in Drosophila. Loss of one copy of neur in theα/β lobes of
themushroombodies led to a reduction in olfactory long-termmemory,
while over-expression enhanced olfactory long-term memory forma-
tion [16].
The role of Neur in these contexts, is as a key regulator of the Notch
signalling pathway [17]. Neur facilitates ubiquitination of the Notch li-
gands Delta and Serrate and promotes internalization of ligands,
which is required for Notch signalling [15,18–22]. Interestingly,
ubiquitination of Delta by Neur has also been shown to cause degrada-
tion of Delta, suggesting that Neur may be able to both activate and in-
hibit the Notch signal [18,23]. Neur activity in Drosophila is regulated by
members of the Bearded (Brd) family of proteins. Deletion of Brd genes
causes neurogenic phenotypes, and complete loss of all eight Brd genes
is embryonic lethal, while overexpression of the Brd genes leads to ac-
cumulation of Delta at the plasma membrane, similar to that seen in
neur mutants [24,25]. The Brd proteins have been shown to bind to
and inhibit Neur function by blocking ubiquitination and trafﬁcking of
Delta [24,26,27]. This inhibition of Delta trafﬁcking by Brd proteins con-
tributes to the spatial regulation of Notch signalling [24–26,28].
Recent studies also suggest that Neur can function independently of
Notch signalling. Asmentioned above, inhibition of Neur bymembers of
the Brd family of proteins inhibits Delta trafﬁcking leading to Notch like
phenotypes [24–26]. Inhibition of Neur by members of the Bearded
family of proteins has also been shown to regulate epithelial cell polarity
and tissue morphogenesis independently of Delta or Notch signalling
[28]. Neur was also identiﬁed as a regulator of germline stem cell
(GSC) maintenance in the Drosophila testis [29]. Interestingly, deletion
of the Notch ligands Delta and Serrate did not mimic the neur mutant
phenotype and it was suggested that Neur may act independently of
Notch signalling in this context [29].
Neur homologues have also been identiﬁed in a number of other
species, including mice, rats, humans and Xenopus [23,30–34]. While
Drosophila has a single Neur homologue, there are two homologues of
Neur in mammals (Neur1 and Neur2), expressed in a variety of tissues
during both embryonic and adult stages, [23,30–35]. Interestingly, un-
like the vital role Neur plays in Drosophila, both Neur homologues are
dispensable in mice [34,36] and Neur deﬁcientmice are morphological-
ly normal, without any typical Notch-associated phenotypes. However,
one group reported that male mNeur1 null animals are sterile and have
defective spermatozoa, while null females fail to lactate with defective
mammary gland development [34].mNeur1 nullmice also showbehav-
ioural abnormalities including ethanol hypersensitivity and olfactory
discrimination defects [31]. It should be noted that the lack of Notch-re-
lated phenotypes in these mutants does not rule out a role for Neur in
Notch signalling in mammals. In addition to the two Neur homologues,mammals also have three additional paralogues; LINCR (discussed
below) and two homologues of Mind bomb, a functional paralogue of
Neur, which lacks NHR domains, but has been shown to bind to the
Notch ligands and be essential regulators of Notch signalling in mam-
mals [36–38].
Given thewide range of cellular signalling functions that are affected
by Neur, it is not surprising that mis-regulation of Neur and its related
proteins has also been implicated in a growing number of diseases
and developmental disorders. hNeur is located on chromosome
10q25.1 and loss of heterozygosity in this region on chromosome 10 is
frequently associated with medulloblastoma [39,40]. h-neur mRNA
was shown to be expressed at lower levels in humanmalignant astrocy-
toma tissues and the majority of glioma cell lines compared to normal
brains [39]. Similarly, hNeur was also downregulated in medulloblasto-
ma comparedwith normal cerebellar tissues [41]. These studies suggest
that h-neur plays a role in cell fate determination in the human central
nervous system and may act as a tumor-suppressor protein, in part
through causing apoptosis and down-regulation of Notch target genes
[31,41].
The other member of the RING domain sub-family of NHR domain
containing proteins is LINCR [42]. LINCR was identiﬁed in a screen for
glucocorticoid attenuated response genes in the lung [42,43]. LINCR ex-
pression is induced in alveolar epithelial cells in the lungs during
endotoxemia and expression of LINCR is attenuated by glucocorticoids
making LINCR an attractive potential therapeutic target for anti-inﬂam-
matory treatment of lung disease [42,43]. Homologues of LINCR have
been identiﬁed inmice and humans [43] and sequence comparisons in-
dicate LINCR is closely related to Neur, with a C-terminal RING ﬁnger
and a single NHR domain [43]. Recently, another homologue of LINCR
termed Neur E3 ubiquitin ligase (Neurl3) was shown to affect sper-
matogenesis in half-smooth tongue sole (Cynoglossus semilaevis) [44].
Overexpression of LINCR in embryonic lungs leads to aberrant lung de-
velopment and increased expression of Hairy/Enhancer of split [45]. The
effects of overexpression of LINCR on lung development were similar to
those observed in mice mis-expressing the Notch intracellular domain
[46]. These results, combined with the structural similarities between
LINCR and Neur, suggest that LINCR may perform a similar role in lung
epithelia, which is to regulate Notch activation.
As discussed earlier, the structure of the NHR domains of Neur indi-
cate a role inmediating protein-protein interactions and indeed, several
functions of Neur and LINCR have been attributed to interactions be-
tween NHR domains and other proteins. The NHR1 domain in Drosoph-
ila has been shown to mediate binding to the Notch ligands Delta and
Serrate [3,5] (Fig. 3). Deletion of the NHR1 domain, or introduction of
a point mutation in the conserved glycine residue of the NHR1 domain
(G167) abolishes Delta binding leading to defects in Notch signalling
and loss of membrane localization of Neur [3]. The same pointmutation
in the conserved glycine residue (G167) of the NHR1 domain of Neur
also inhibits the interaction between Neur and Serrate [5]. Interestingly,
while theNHR2 domain ofDrosophilaNeur does not interactwith either
Delta or Serrate, deletion of the NHR2 domain or mutation of the con-
served glycine residue (G430) leads to a reduction in Delta internaliza-
tion, and a failure to rescueNotch neurogenic phenotypes in the embryo
suggesting an important role for theNHR2domain inNotch signalling in
Drosophila [5]. The NHR1 domain of Neur has also been shown tomedi-
ate plasmamembrane localization of Neur although this is thought to be
an indirect consequence of interfering with Neur binding to Delta [3].
The NHR domains of mammalian neuralized homologues have also
been shown to bind to Notch ligands. mNeur1 interacts with Jagged-1,
a mouse homologue of Serrate through the NHR2 domain [47] while
mNeur2 interacts with Delta through both NHR1 and NHR2 domains
[33].
In addition to mediating interactions with Notch ligands, the NHR
domains of Neur have been shown tomediate other protein interactions
as well. Both NHR domains in Drosophila are capable of mediating pro-
tein oligomerization [5]. Interestingly, however, a mutation in the
Fig. 3. Known function of Neuralized domains. Neuralized has a C-terminal RING domain and two N-terminal NHR domains. The RING domain has been shown to have E3 ubiquitin
ligase activity, and is required for ubiquitination of the Notch ligands Delta and Serrate, which is an essential step in Notch signalling [15,18–22]. The NHR1 domain of Drosophila has
been shown to bind to the Notch ligands Delta and Serrate and is essential for propagation of the Notch Signal [3,5]. The NHR1 domain has also been shown to bind to Tom, a member
of the Bearded family of proteins that inhibit Neuralized function and regulate epithelial cell polarity [2,24,28]. The NHR1 domain is also required for proper Neuralized localization
and mutations in the NHR1 domain result in loss of plasma membrane localization and nuclear envelope localization [3,4]. The NHR2 domain does not directly bind to either Delta or
Serrate, but is required for Delta internalization [5], and both NHR1 and NHR2 domains are required for oligomerization of Neuralized protein [5].
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pairs Neur ubiquitination activity while deletion of the NHR2 domain
has no effect on ubiquitination [5]. Based on these results, it was sug-
gested that theNHRdomains of Neurmay forman intramolecular struc-
ture that inhibits Neur ubiquitination activity such that mutation of the
conserved glycine in the NHR2 domain then locks Neur in an inactive
state, while deletion of the NHR2 domain relieves the inhibition [5].
NHRdomains have also been predicted to be associatedwith nuclear
functions [48] and both Drosophila and human Neur have been shown
to exhibit nuclear localization that is inhibited by chromosome region
maintenance 1 (CRM1) [4,32]. While the domain(s) of Neur2 responsi-
ble for nuclear localization in humans remains to be determined, inDro-
sophila, mutation or deletion of the NHR1 domain leads to a loss of
nuclear envelope localization [4]. Localization of Neur to the nuclear en-
velope can occur in the absence of Notch signalling andwhile the NHR1
domain is required for localization of Neur at the nuclear envelope, de-
letion or mutation of the NHR1 domain does not affect nuclear import
[4]. However, nuclear import was inhibited by the presence of plasma
membrane tethered Delta expression, which was mediated by the
NHR1 domain [4]. At present, the function of Neur in the nucleus is
not clear. A large-scale yeast two-hybrid screen (Y2H) performed
by Curagen, Inc. identiﬁed Klaroid as a Neur binding protein [49].
Klaroid is a SUN domain protein, which tethers the cytoskeleton-as-
sociated protein Klarsicht to the outer nuclear membrane and is
required for nuclear migration [50]. Whether Neur binds to Klaroid
through its NHR domain, thereby regulating nuclear function, is
currently unknown.
In addition to the NHR domain, members of the RING domain sub-
family of NHR-domain containing proteins all possess a C-terminal
C3HC4 RING domain. The RING domains of both Neur and LINCR have
been shown to have E3 ubiquitin ligase activity [18,22,33,42]. The E3
ubiquitin ligase activity of Neur is required for the ubiquitination of
Notch ligands Delta and Serrate (Jagged in mammals) [18,33].
Ubiquitination of the Notch ligands by Neur is required for endocytosis
of the ligand, an essential step in Notch signalling [15,18–22]. While the
RING domains of Neur and LINCR are sufﬁcient for E3 ligase activity NHR
domains can regulate their function. For example, mutation of the con-
served glycine residue in the NHR2 domain (G430) of Drosophila Neurabolishes ubiquitination activity [5]. Differences were also observed in
the ubiquitination proﬁles of full length LINCR and a GST-RING domain
construct suggesting other domains of LINCR inﬂuence the efﬁciency of
the RING domain [42].3.2. The SOCS-box sub-family
Members of the SOCS Box sub-family of NHR domain containing
proteins contain a single N-terminal NHR domain and a C-terminal Sup-
pressor of cytokine signalling (SOCS) box domain. The SOCS box was
ﬁrst identiﬁed as a negative regulator of cytokine signalling [51]. SOCS
box domains associate with Elongin B/C and Cullin to form an Elongin
C-Cullin-SOCS box (ECS) complex that can function as an E3 ligase
[52]. The role of the SOCS box is thought to involve substrate recognition
[53].
The only characterizedmember of the SOCS box sub-family is mam-
malian OzzE3, a muscle speciﬁc E3 ubiquitin ligase. Studies in mice
show that OzzE3 expression in both mice and humans is restricted to
striatedmuscle. OzzE3 null mutantmice are viable but show sarcomeric
abnormalities including misalignment of the Z-bands and an increased
frequency of myoﬁbril branching and splitting [54]. OzzE3 was shown
to function as a ubiquitin ligase duringmuscle development, regulating
membrane-bound β-catenin in adult muscle ﬁbres and differentiating
myocytes [54]. OzzE3 also targets the sarcomeric pool of embryonicmy-
osin heavy chain during muscle development for ubiquitination and
proteolytic degredation [55]. OzzE3 also ubiquitinates the protein Alix
[53] during Actin remodelling in skeletal muscle [56]. The role of the
NHR domain in OzzE3 function remains to be determined, however, it
seems likely that the NHR domains mediate substrate recognition and
may also affect ubiquitination activity similar to that observed in Neur.
The Drosophila homologue of OzzE3 (CG3894) is currently
uncharacterized. However, we have found that the NHR1 domain of
Neur can bind to the NHR domain of CG3894 in vitro (Liu & Boulianne,
unpublished observation). It will be interesting to determine whether
CG3894 has ubiquitination activity, identify the targets and determine
whether heterodimers between Neur and CG3894 affects the function
of either protein.
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Members of the NHR-only sub-family of NHR domain containing
proteins contain a tandem of 6 NHR domains. To date, a single member
of this sub-family has been identiﬁed, referred to as Neuralized homo-
logue 4 (Neurl4), with homologues identiﬁed in both Drosophila and
mammals [57–59]. The Drosophila homologue (originally referred to
as Bluestreak) was identiﬁed in a screen looking for delayed mitotic di-
visions during Drosophila blastoderm development and was found to
disrupt localization of oskarmRNA during oogenesis [59]. Further anal-
ysis showed that Neurl4 is a centrosomal protein that regulates the
number andmorphology of primordial germ cells (PGC) in theDrosoph-
ila embryo [58]. Neurl4 was shown to interact with and regulate the
levels of another centrosomal protein, CP110 and this interaction is re-
quired for PGC morphology.
The mammalian homologue of Neurl4 was identiﬁed by two inde-
pendent groups [57,59]. Aswith theDrosophila homologue,mammalian
Neurl4 interacts with the centrosomal protein CP110. Togetherwith the
E3 ligaseHERC2, Neurl4was shown to promote ubiquitination of CP110,
regulating the levels of CP110 and centrosome morphology, [57,59].
Structure-function analysis showed that the interaction between
Neurl4 and CP110 requires the NHR3 domain [57,59]. A construct
consisting of NHR domains 5–6 was shown to be critical for mainte-
nance of centrosome morphology and the interaction with HERC2 and
ubiquitination of Neurl4 [57]. Finally, the NHR1 domain of Neurl4 ap-
pears to have an ancillary role in centrosome localization [57].
The interaction between Neurl4 and the E3 ligase HERC2 is particu-
larly interesting in light of the fact that the other sub-families of NHR
domain containing proteins all have E3 ligase activity. While Neurl4 it-
self does not have any ubiquitination activity, it was suggested that
Neurl4 may act as substrate adaptor for the E3 ligase HERC2 [57].
These observations may indicate an evolutionarily conserved role for
NHR domains in the regulation of E3 ligase activity and/or substrate
recognition.
4. Conclusion and future considerations
The past two decades have revealed new and unexpected roles for
Neuralized and other NHR-containing proteins in a wide variety of con-
texts and species. Starting with the discovery of Neur as a key compo-
nent of the Notch signalling pathway, our understanding of NHR
containing proteins has expanded to include a role in a variety of devel-
opmental processes ranging from cell fate to epithelial integrity, muscle
development and centrosome structure. It remains interesting to reveal
the full spectrum of functions performed by individual NHR containing
proteins.Moreover, itwill be interesting to determinewhether different
NHR containing proteins can bind to each other, and in so doing, add an-
other layer of regulation of cellular and developmental processes.
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